ABSTRACT Isoenzymes, random ampliÞed polymorphic DNA (RAPD), and morphometry were used to compare genetic variability within and between three populations of Triatoma brasiliensis Neiva, 1911 from northeast Brazil. The isoenzyme proÞles were identical for the three populations, whereas the complex RAPD patterns allowed clear discrimination between the three. Morphometric analysis, using characters of the head capsule, also showed discrimination between the three populations but only in comparisons of males, not females. The results show considerable genetic heterogeneity in T. brasiliensis, with an indication of geographic structuring possibly resulting from a recent series of domestication events.
Triatoma brasiliensis
is the main vector of human Chagas disease in the 11 northeastern states of Brazil. Moreover, with the continuing success of the Southern Cone initiative to eliminate domestic populations of Triatoma infestans Klug, 1834 in the Central and Southern states (SchoÞeld and Dias 1999) , T. brasiliensis is now responsible for most of the remaining transmission of Chagas disease in Brazil. Unlike T. infestans, which seems to be exclusively domestic and peridomestic in Brazil, T. brasiliensis has extensive sylvatic ecotopes, especially among rocky outcrops in the arid "caatinga" region of the northeast (Alencar 1987, Dias and Diotaiuti 1998) . These sylvatic populations have caused difÞculties for the control of domestic and peridomestic populations, because they appear to serve as sources for the reinfestation of treated dwellings and consequent reinitiation of Chagas disease transmission to the householders (Silveira and Vinhaes 1999) .
Triatoma brasiliensis is a variable species, with three subspeciÞc forms designated on the basis of different color patterns of the pronotum, legs, and wings: T. brasiliensis brasiliensis Neiva, 1911; T. b. melanica Neiva and Lent, 1941; and T. b. macromelasoma Galvão, 1956. Lent and Wygodzinsky (1979) considered these subspecies as synonymous because intermediate forms could be found, although Costa et al. (1997a Costa et al. ( , 1997b found consistent morphological and isoenzymatic differences between them and designated a fourth chromatic pattern named as the "Juazeiro population" (Costa et al. 1997b ). Nevertheless, little is known about the geographic structuring of T. brasiliensis populations, and we present here a preliminary study using a series of genetic markers to examine differences between populations from three different localities.
Materials and Methods
We compared domestic populations corresponding to T. brasiliensis brasiliensis, from the Municipalities of Simplṍcio Mendes (7Њ 47Ј S and 41Њ 51Ј W) in the State of Piauṍ, and from Novo Oriente (5Њ 32Ј S and 40Њ 42Ј W), and Independê ncia (5Њ 23Ј S and 40Њ 19Ј W) in the neighboring State of Ceará. Adults and nymphs were captured from houses in each of these municipalities and maintained in the laboratory at 27 Ϯ 2ЊC and 60 Ϯ 5%RH. The adult bugs were used for the comparisons.
Morphometry. For morphometric analysis following Dujardin et al. (1997 Dujardin et al. ( , 1998b Dujardin et al. ( , 1999 , a series of six head measurements were taken from 15 males and 15 females from each population (Fig. 1) . All measurements were taken by the same investigator using a dissection microscope at 320ϫ. After log transformation, a principal component analysis was carried out from the covariance matrix (Albrecht 1980 , Bookstein et al. 1985 from which factorial maps were constructed to illustrate the differences in size and shape between sexes and between populations. All calculations used JMP (SAS Institute 1995) and NTSYS-pc software (Rohlf 1998 ).
Isoenzymes. For isoenzyme comparison, thoracic muscles of 15 males and 15 females from each population were removed and homogenized in enzyme stabilizer for cryopreservation until use, following the techniques of Dujardin and Tibayrenc (1985) . Eight enzyme systems were analyzed using starch gel electrophoresis, as follows: glucose phosphate isomerase (GPI) [E.C. 5.3. Random Amplified Polymorphic DNA (RAPD). DNA was extracted from single individual legs of 10 males and 10 females from each population using the Wizard Genomic DNA PuriÞcation System (Promega, Madison, WI) with Þnal DNA concentrations determined by agarose gel electrophoresis compared with known standards. DNA was then ampliÞed using the following primers: 3302 (5Ј CTGATGCTAC 3Ј), 3303 (5Ј TCACGATGCA 3Ј), 3304 (5Ј CGACTGTCA 3Ј), and 3307 (5Ј AGTGCTACGT 3Ј), and the following ampliÞcation cycles (MJR Research PTC 100 thermocycler): (1) denaturing at 95ЊC for 5 min, (2) two cycles of annealing at 30ЊC for 2 min, (3) extension at 72ЊC for 1 min, (3) denaturing at 95ЊC for 30 s, (4) 33 annealing cycles at 40ЊC for 2 min, and (5) Þnal extension at 72ЊC for 5 min. The ampliÞed DNA samples were then separated by polyacrylamide gel electrophoresis and visualized according to Santos et al. (1993) . From the banding patterns, an unweighted pair group method analysis (unweighted pair-group method with arithmetic average) dendrogram was constructed from the similarity matrix using the Dice similarity coefÞcient (Dice 1945) . A negative control and an outgroup (T. infestans) were included in all experiments.
Results
Morphometry. From the principal component analysis, the Þrst principal component (PC1) is primarily related to size (Bookstein et al. 1985) and shows that although females were consistently larger than males, the populations from Independê ncia were generally larger than those of the other two localities (Fig. 2) . The factorial map using PC1 to represent size and the sixth principal component (PC6) to represent shape (Fig. 3) indicates considerable overlap between females of the three populations, compared with more substantial differences between males of Independê ncia and those of Novo Oriente and Simplṍcio Mendes, both in terms of size and of shape.
Isoenzyme Profiles. The enzymes HK, IDH, and G6PD were not considered for the analysis because they showed low intensity or no bands. PGM, ME, and GPI presented one band, MDH two bands, and PEP-2 three bands (data not shown). No differences in protein mobility was observed intra or interpopulation.
RAPD. The RAPD proÞles were complex (Fig. 4) . A total of 148 bands generated by four primers was selected for comparative analysis according to their intensity, resolution, and reproducibility. The matrix of similarity was calculated in accordance with the degree of band sharing between each pair of individuals (Dice 1945) , from which the unweighted pairgroup method with arithmetic average tree was generated (Fig. 5) . The tree shows two main groups, corresponding to specimens from the States of Piauṍ and Ceará. The Ceará group was subdivided in specimens from Independê ncia and from Novo Oriente. There was either no overlap between groups or sex relationships. Individuals from Piauṍ and Ceará diverged with a similarity coefÞcient of 0.64, whereas individuals from the two localities in Ceará diverged with a similarity coefÞcient of 0.80.
Discussion
This study indicates that head morphometry revealed some differences, especially in the males, and RAPD analysis gave an unequivocal discrimination between the three populations. The isoenzymes patterns did not show any differences in protein mobility between the three populations. These results are similar to those of Dujardin et al. (1998c) who used the same markers to study intraspeciÞc variation in Rhodnius prolixus Stål 1859, and found variations only in head morphometry and RAPD proÞles but not in isoenzyme patterns. Similarly, Dujardin et al. (1987) found that isoenzymes could not differentiate sylvatic from domestic populations of T. infestans in Bolivia, but the two forms could be readily distinguished by head morphometry (Dujardin et al. 1997 ) and RAPD (Carlier et al. 1996) .
The isoenzymes have been used successfully in the identiÞcation/differentiation of closely related species (Harry et al. 1992 , Solano et al. 1996 , in subspecies (Costa et al. 1997b ) and populations (Dujardin et al. 1998a ) of triatomine. Isoenzymes are expected to reßect point mutations in coding regions of genes which could modify the net charge of the enzyme (Nei 1987) , but not all point mutations are able to produce such change. Actually, Nei and Chakraborty (1973) estimated that only 25Ð30% of point mutations would result in a change of electrophoretic mobility. This, as well as the reduced number of enzyme loci, could explain in part why isoenzymes were less sensitive than RAPD in detecting genome changes.
Our results show marked heterogeneity and genetic structuring of T. brasiliensis, although the improved discrimination between populations shown by RAPD comparisons suggests that the heterogeneity may be reßecting relatively recent events as yet involving few codon changes. By RAPD the two populations of T. brasiliensis from CearáÑ geographically separated by some 50 kmÑwere more similar to each other than either to the Piauṍ population from a region nearly 300 km away. Further studies comparing a greater number of populations would be required for conÞrmation, but these results suggest that separation by geographical distance may be an important factor in the genetic structuring of T. brasiliensis populations, as has been found for T. infestans (Dujardin et al. 1998a ). In the case of T. infestans, the geographic structuring of the populations was thought to be caused by passive dis- persal of the insects in association with human migrations, resulting in a series of founder effects and subsequent genetic drift. In the case of T. brasiliensis, however, geographic structuring may have resulted instead from a series of domestication events (SchoÞeld et al. 1999 ) from different sylvatic subpopulations.
Morphometric studies of domestic and sylvatic Panstrongylus rufotuberculatus Champion, 1899 populations showed that sexual dimorphism was more pronounced in sylvatic than in domestic specimens. The dimensions of the head, analyzed by multivariate analysis, also indicates a general reduction in size from sylvatic to domestic populations. Other studies of T. infestans (Dujardin et al. 1997) , R. prolixus (Dujardin et al. 1998c) , and R. domesticus Neiva & Pinto, 1923 ) have also shown a general reduction in sexual dimorphism of Triatominae associated with the transition from natural to artiÞcial habitats, and have proposed this as a generalized marker for triatomine species adapting to domestic ecotopes . Our morphometric comparison showed marked sexual dimorphism and can be interpreted to indicate recent domestication of the three populations, as deduced by Dujardin et al. (1998b) . The degree of sexual dimorphism shown by the Piauṍ population of T. brasiliensis was much greater than that shown by the two Ceará populations. Following the model of domestication proposed by SchoÞeld et al. (1999) these observations would be consistent with the idea that the Piauṍ population is either more recently domesticated or retains greater interchange with the neighboring sylvatic populations, and has thus experienced fewer domestic founder effects than the two Ceará populations.
